The primary limitation of the laryngeal mask airway (LMA Ò ) z is that it does not reliably protect the lungs from regurgitated stomach content. We describe three cases of aspiration associated with the LMA, including the first brain injury, the first death, and the first associated with the intubating LMA, and review the 20 specific case reports of aspiration associated with the LMA that we were able to find described in the literature.
Pulmonary aspiration of gastric contents accounts for 5% of respiratory claims against the anaesthesiologist.
1 The primary limitation of the laryngeal mask airway (LMA) is that it does not reliably protect the lungs from regurgitated stomach contents, although it may act as a barrier at the level of the upper oesophageal sphincter if it is correctly positioned. 2 The incidence of aspiration with the LMA has been estimated at 0.02%, 3 which is similar to tracheal intubation in elective patients. 4 We describe three cases of aspiration associated with the LMA, including the first brain injury, the first death, and the first associated with the intubating LMA, and review the literature.
Case report 1
A 49-yr-old female (ASA Physical Status III, BMI 16 kg m 2 ) with low-grade sepsis presented for incision and drainage of a vaginal abscess. She had a past medical history of gastric surgery for carcinoma and multiple intra-abdominal procedures, but had no symptoms of reflux. On examination she was Mallampati grade 1. The airway management plan was to use a classic LMA; tracheal intubation was not considered necessary as the patient was fasted and had no reflux; and the ProSeal LMA was unavailable. Induction was with fentanyl 100 mg and propofol 120 mg. Maintenance was with propofol 6 mg kg À1 h À1 in oxygen 30% and air. No neuromuscular blocking agent was given. A size 4 classic LMA was easily inserted by a second year resident at the first attempt using the standard recommended technique and the cuff inflated with 20-ml air. Pressure controlled ventilation was commenced and tidal volumes of 450 ml were easily achieved with peak airway pressures of 15 cm H 2 O. The LMA and bite block was fixed according to the manufacturer's instructions 5 and the patient placed in the lithotomy position. At the start of the procedure, the patient suddenly started vomiting, which was attributed to inadequate anaesthetic depth, and bile-stained fluid was seen in the airway tube. The surgeon was asked to stop, the patient was given oxygen 100%, anaesthesia was deepened, head down tilt applied, and a neuromuscular blocking agent administered. A suction catheter was passed to the end of the airway tube and around 40 ml of bile-stained fluid removed. Ventilation and gas exchange was unaffected. Fibre-optic inspection down the airway tube revealed bilestained fluid within the trachea. The LMA was removed and the patient easily intubated. The procedure was completed uneventfully. There were no postoperative complications.
Case report 2
A 73-yr-old female (ASA Physical Status III, BMI 35 kg m 2 ) presented for bilateral varicose vein surgery, to be done in the supine position. She had a past medical history of adult onset diabetes mellitus, chronic obstructive pulmonary disease, and gastric surgery for cancer. On examination she was Mallampati grade 3. The airway management plan was to use a classic LMA; tracheal intubation was not considered necessary. The anaesthetist was not aware of the past medical history, nor of her symptoms of daily reflux, and a ProSeal LMA was unavailable. Induction was with fentanyl 150 mg and propofol 180 mg. Maintenance was with oxygen 30% in nitrous oxide and sevoflurane 1.5%. Muscle relaxation was with atracurium 20 mg. A size 4 classic LMA was inserted easily by a highly experienced consultant at the first attempt using the standard recommended technique and the cuff inflated to and held constant at 60 cm H 2 O using a digital manometer. Volume controlled ventilation was commenced with tidal volumes of 600 ml and peak airway pressures of 18 cm H 2 O. The LMA and bite block was fixed according to the manufacturer's instructions. In the middle of the procedure, bile-stained fluid was seen pouring out of the airway tube into the bacterial filter. The surgeon was asked to stop; the patient was given oxygen 100% and head down tilt applied. Ventilation was possible with the LMA, but gas exchange was poor with Sp o 2 less than 90% when the Fi o 2 was 1. The LMA was removed and the patient easily intubated, but there was no improvement in gas exchange. Fibre-optic inspection showed bile-stained fluid in the trachea. The procedure was stopped and the patient transferred to ICU. On day 3, the patient developed severe adult respiratory distress syndrome (Fi o 2 1.0: Pa a 2 58 mm Hg). She was discharged from the ICU after 56 days with a complete left-sided hemiplegia from a cerebral infarct.
Case report 3
A 78-yr-old female (ASA Physical Status II, BMI 32 kg m 2 ) presented for a total hip replacement. She had a past medical history of labile hypertension and a hiatus hernia, but had no symptoms of reflux. On examination she was Mallampati grade 2. The airway management plan was to intubate the patient via the intubating LMA rather than using direct laryngoscopy to attenuate the haemodynamic stress response. Tracheal intubation was considered necessary as the procedure was prolonged and the ProSeal LMA was unavailable. Induction was with methohexitone 80 mg. Maintenance was with isoflurane 0.7% and nitrous oxide in oxygen 30%. Muscle relaxation was with rocuronium 50 mg. A size 4 intubating LMA was inserted easily by a second year resident at the first attempt and the cuff inflated with 30-ml air. Manual ventilation was commenced with tidal volumes of 500 ml and peak airway pressures of 17 cm H 2 O. Before intubation through the intubating LMA was started, bile-stained fluid was seen in the mouth. The patient was given oxygen 100%, but head down tilt was not applied. Ventilation was possible with the LMA. The intubating LMA was removed and the patient intubated using a laryngoscope. Ventilation was adequate and gas exchange acceptable with a Pa o 2 of 206 mm Hg on oxygen 100%. Fibre-optic inspection revealed bile-stained fluid within the trachea. The procedure was completed and the patient transferred to ICU. The patient developed adult respiratory distress syndrome, renal failure, disseminated intravascular coagulation and septicaemia, and died 85 days later from multi-organ failure.
Literature review
We conducted a Medline search for 'Laryngeal mask', read all the resultant publications and analysed all the reports where case-specific details were given. We found a total of 20 specifically described case reports of aspiration of gastric content associated with the LMA (Table 1) . Of the 20 cases of aspiration associated with the LMA, 14 were in adults [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] and six in children, 19-24 19 were with the classic LMA 6-17 19-24 and one was with the ProSeal LMA. 18 In 14 cases, there were factors that could increase the risk of aspiration, including, in order of frequency, inadequate depth of anaesthesia, 9 13 19 21 23 intra-abdominal surgery, 7 10 18 upper gastrointestinal disease, 9 11 lithotomy position, 11 20 patient movement, 7 20 exchanging the LMA for a tracheal tube, 12 16 full stomach, 22 multiple trauma, 6 multiple insertion attempts, 14 opioids, 6 obesity, 10 and cuff deflation. 7 There is only one report where aspiration occurred where the patient had no risk factors. 24 In addition, Kluger and Short, 25 in a review of 133 cases of aspiration reported to the Australian Anaesthetic Incident Monitoring Study, documented 27 cases of aspiration associated with the LMA. However, the data from these patients were not separated from aspiration associated with a tracheal tube (n=8), Hudson mask (n=5), and facemask (n=91).
Discussion
All three patients in our series were at increased risk of aspiration: the first had gastric surgery and low-grade sepsis; the second had gastric surgery and diabetes; and the third had a hiatus hernia. Both patients with adverse outcomes were elderly, ASA grade III, or both. Although this is the first report of brain injury and death from aspiration associated with the LMA, it is likely that there have been other such events. Given that the LMA has been used in 150 million patients since its release in 1988 (www.lmaco.com), a frequency of 0.02% for aspiration 3 and a mortality rate for aspiration of 5% (based on data from the pre-LMA era 4 ), there should have been around 1500 deaths. Perhaps patients with the LMA have a lower mortality rate, as the LMA tends to be used in healthy patients undergoing minor procedures. Perhaps the lack of reporting is related to medico-legal considerations, or journals decline such reports, as it is already established that aspiration can occur with the LMA and that aspiration can cause death.
An assessment of aspiration risk is critical to determining whether the LMA should be used and, to a lesser extent, which type of LMA should be used, as the correctly placed ProSeal LMA can prevent aspiration. [26] [27] [28] The patient should be questioned about upper gastrointestinal disease, focusing on current symptoms and treatment. Unfortunately, there are no data from which to make an evidence-based decision about whether or not symptoms are severe enough to warrant tracheal intubation. Most anaesthesiologists consider that the LMA is contraindicated in patients with gastroesophageal reflux, but a recent survey revealed that 57-73% of Australian anaesthesiologists would use the LMA in patients with a history of reflux esophagitis or hiatus hernia provided it was asymptomatic. 29 Interestingly, one of our patients had an asymptomatic hiatus hernia. Other factors affecting aspiration risk are fasting status, the use of gastroparetic drugs, the presence/severity of pain, the type/duration/ position of surgery being performed, the depth of anaesthesia, and airway obstruction.
All three patients in our series were intubated once a diagnosis of aspiration had been made, even though ventilation was possible with the LMA. We recommend that if pharyngeal regurgitation or pulmonary aspiration is suspected, the patient should be placed in the head-down position, oxygen 100% administered, anaesthesia deepened, suctioning performed and the severity of the regurgitation/aspiration event assessed fibre-optically. The decision about whether to intubate the trachea or continue with the LMA will depend on how well the LMA is functioning, the severity of the regurgitation/aspiration event and the anticipated risk of further regurgitation/aspiration. Removal of the LMA may result in further regurgitation and consideration should be given to intubating the patient fibre-optically via the LMA. Consideration should also be given to passing a gastric tube, but this may also provoke further regurgitation.
In summary, we report the first cases of aspiration-related brain injury and death associated with the LMA, and the first case of aspiration associated with the intubating LMA. In principle, meticulous selection of patients and surgical procedures, optimal management of the placement, maintenance and emergence phases, and use of the ProSeal LMA can reduce the risk of aspiration. 
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